Background: To compare the long-term survival outcomes between laparoscopic radical hysterectomy (LRH) and open radical hysterectomy (ORH).
introduction
Cervical cancer is the second most common and the third leading cause of cancer fatalities among women worldwide [1] . In Korea, cervical cancer is the most common gynecologic cancer and the third most common cancer among women [2, 3] . The standard treatment of early-stage cervical cancer is open radical hysterectomy (ORH), resulting in 5-year survival rates of 75%-90% [4] [5] [6] . Intermediate risk factors for recurrence after radical hysterectomy include tumor size, lymphovascular space invasion (LVSI), and depth of cervical stromal invasion [7, 8] , and high risk factors include parametrial involvement, lymph node metastasis, and resection margin involvement [9] [10] [11] . Laparoscopic radical hysterectomy (LRH) is an alternative to ORH, but its acceptance has been slower than that of other laparoscopic oncological surgical techniques, with the use of LRH limited to patients with small tumors (<2 cm) because of technical difficulties. Since LRH was first described in the early 1990s [12, 13] , only a few small retrospective studies have compared the outcomes of LRH and ORH [14] [15] [16] [17] [18] [19] [20] , and their long-term survival outcomes have never been compared to date in a large well-controlled study with sufficient follow-up. Using our 14-year, large-scale prospectively gathered database of patients with stage IA2 to IIA cervical cancer, we matched patients who underwent ORH and LRH for known risk factors for recurrence. The long-term survival outcomes and the immediate surgical outcomes in these two groups of patients were compared.
materials and methods

study population
Using the cancer registry and computerized database of the Asan Medical Center (AMC; Seoul, Korea), we retrieved the records of all patients with early-stage cervical cancer who were treated and followed up between October 1997 and April 2008. With the approval of the Institutional Review Board of AMC, we retrospectively evaluated the demographic, clinicopathologic, and follow-up data of all patients. Patients were included if they had (i) previously untreated cervical cancer; (ii) International Federation of Gynecology and Obstetrics (FIGO) stage IA2 to IIA; (iii) squamous cell carcinoma, adenocarcinoma, or adenosquamous carcinoma; (iv) had undergone LRH or ORH as primary treatment (v) had received adjuvant therapy after radical hysterectomy if they had intermediate or high risk factors; and (vi) were followed up for >2 years after radical hysterectomy. We excluded patients who received radiation or concurrent chemoradiation therapy as primary treatment, as well as those who received neoadjuvant chemotherapy, radiation, or concurrent chemoradiation therapy before radical hysterectomy. We found that 415 patients who underwent LRH and 721 who underwent ORH met the eligibility criteria and were included in the matching process (Figure 1) .
Each patient in the LRH group was matched to one patient in the ORH group using the following matching criteria: lymph node metastasis, parametrial involvement, tumor size (62 cm), depth of cervical stromal invasion (<1/2 versus >1/2), LVSI, and age (63 years). Since all variables were matched in equal significance, the two groups, each containing 263 patients, were completely matched for all intermediate and high risk factors for recurrence after radical hysterectomy.
study treatment and follow-up
We have described the surgical procedures for LRH in a previous report [16] . After LRH, a single Jackson-Pratt drain was inserted through the lateral trocar to ensure drainage, with the retroperitoneum remaining open. The Foley catheter was usually removed 7 days after surgery.
Surgical procedures and the extent of resection of ORH were generally identical to those for LRH, except that, in ORH, a midline abdominal incision was made from the pubic symphysis to the supraumbilical area.
If a positive pelvic or para-aortic lymph node was identified during surgery, our policy was to complete the radical hysterectomy, although it has not yet been determined whether the surgeon should complete the radical hysterectomy or stop the procedure and administer concurrent chemoradiation therapy.
After surgery, patients with two or more intermediate risk factors (LVSI, tumor >4 cm, and/or deep cervical stromal invasion) were recommended to receive adjuvant radiation therapy, whereas patients with one or more high risk factors (resection margin involvement, parametrial involvement, or lymph node involvement) were recommended to receive adjuvant concurrent chemoradiation therapy. Some patients, however, received adjuvant chemotherapy depending on the preferences of the patient and physician.
Following completion of treatment, patients were examined every 3 months for the first 2 years, every 6 months during the next 3 years and yearly thereafter.
definitions
Febrile morbidity after surgery was defined as the documentation of body temperature ‡38°C on two occasions at least 4 h apart during the postoperative period, excluding the first 24 h after surgery. Bladder dysfunction after surgery was defined as voiding difficulty requiring reindwelling of a Foley catheter or clean intermittent catheterization. Postoperative mortality was defined as death from any cause within 30 days after surgery. Intermediate risk factors for recurrence after surgery included tumor size, depth of cervical stromal invasion, and LVSI. High risk factors 
statistical analysis
Individual patient matching was carried out to reduce the effects of selection bias and potential confounding and to make the risk factors for recurrence equal in the two groups. A greedy algorithm was used to obtain pairs of subjects by randomly selecting a case patient from the LRH group and matching it to a control patient in the ORH group. The cases (LRH group) are ordered and sequentially matched to the nearest unmatched control (ORH group), which exactly matches to each case in terms of tumor size (62 cm), depth of cervical stromal invasion (<1/2 versus >1/2), LVSI (present versus absent), parametrial involvement (present versus absent), lymph node metastasis (present versus absent), and patient age (63 years). If a case has more than one 'matched' control, one control is selected by the randomization method provided by the greedy algorithm. If there is no control that matches the six aforementioned factors, the case is excluded from the analysis. As a result of the use of such an algorithm, each case has a corresponding control that is matched by all the six stratification factors (tumor size, depth of cervical stromal invasion, LVSI, parametrial involvement, lymph node metastasis, and age). In addition, these six factors, which were used to match patients, were available for all patients who were included in the matching process. Therefore, there is no evidence of a selection bias suggested by the matching procedure used in this article. After performing all the matches, we compared the baseline covariates of the two groups. Continuous variables were compared using paired t-tests or Wilcoxon signed rank tests, as appropriate, and categorical variables were compared using McNemar's tests or marginal homogeneity tests. Recurrence-free survival time was calculated as the number of months from the date of radical hysterectomy to the date of recurrence or the date of censoring. Disease-specific survival time was calculated as the number of months from the date of radical hysterectomy to the date of death or the date of censoring. Survival curves and rates were calculated using the Kaplan-Meier method. Statistical significance and differences in survival were assessed using Cox regression models, with robust standard errors that accounted for the clustering of matched pairs. A two-sided P-value < 0.05 indicated statistical significance. SAS software (version 9.1; SAS institute Inc., Cary, NC), SPSS software (version 11.0; SPSS Inc., Chicago, IL), and the R programming language were used for statistical analyses.
results Supplemental Table S1 (available at Annals of Oncology online) shows the clinical characteristics of patients in the LRH and ORH groups. Mean ages were similar (46.4 versus 46.5 years, P = 0.326). Mean parity (2.6 versus 2.2, P < 0.001) and mean body mass index (23.9 versus 23.2 kg/m 2 , P = 0.015) were significantly higher in the ORH than in the LRH group; 
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however, the clinical significance of this small difference was likely minimal. There were no significant between-group differences in intercurrent medical disease and American Society of Anesthesiologist physical status score. Patients with previous history of abdominal surgery were more in ORH group (P = 0.037). original articles
Annals of Oncology Table 1 shows the tumor characteristics in the two groups. FIGO stage distribution and histological type did not differ. Mean tumor sizes were identical (1.8 versus 1.8 cm, P = 0.625), but a higher percentage of patients in the LRH group had tumors >2 cm (38.4% versus 34.2%, P = 0.007). There were no other between-group differences in intermediate (LVSI and cervical stromal invasion) and high (parametrial involvement, lymph node metastasis, and resection margin involvement) risk factors.
Surgical and adjuvant treatments in the two groups are summarized in Supplemental Table S2 (available at Annals of Oncology online). The proportion of patients who underwent para-aortic lymph node sampling was similar in the LRH and ORH groups (35.0% versus 38.4%, P = 0.402). The mean number of total lymph nodes retrieved was significantly higher in the LRH group (34.3 versus 30.6, P = 0.001), but the mean number of metastatic lymph nodes did not differ (2.3 versus 3.8, P = 0.263). After surgery, 19% of patients in the LRH group and 17.1% of patients in the ORH group received adjuvant therapy, but there were no differences in type of adjuvant therapy (P = 0.780). In the LRH group, 14 patients received adjuvant chemotherapy, consisting of 5-fluorouracil/cisplatin in 4 patients, paclitaxel/cisplatin in 7, and paclitaxel/carboplatin in 3. The mean number of chemotherapy cycles was 3.3 (range, 1-6). In the ORH group, 11 patients received adjuvant chemotherapy, consisting of 5-fluorouracil/cisplatin in 6 patients, paclitaxel/cisplatin in 4, and paclitaxel/carboplatin in 1. The mean number of chemotherapy cycles was 2.7 (range, 1-6).
The mean operating time was similar for the two groups (246.8 versus 247.2 min, P = 0.982), but estimated blood loss (541.1 versus 379.6 ml, P < 0.001) and transfusion requirement (40.3% versus 28.9%, P = 0.009) were significantly higher in the ORH group ( Table 2) . Return of bowel movement (2.1 versus 3.2 days, P < 0.001) was significantly faster and postoperative hospital stay (12.5 versus 20.3 days, P < 0.001) was significantly shorter in the LRH group.
Although the two groups had similar rates of intraoperative complications (6.8% versus 5.7%, P = 0.711), the rate of postoperative complications within 60 days after surgery was significantly higher in the ORH than in the LRH group (21% versus 9.2%, P < 0.001; Table 3 ). Rates of febrile morbidity (5.3% versus 1.9%, P = 0.064), abscess formation (6.5% versus 2.7%, P = 0.052), wound dehiscence (1.5% versus 0.4%, P = 0.375), ileus (2.7% versus 0.8%, P = 0.180), and deep vein thrombosis (1.1% versus 0%, P = 0.250) were higher in the ORH group, although rates of postoperative bladder dysfunction (20.5% versus 19.8%, P = 0.911) and reoperation (0.8% versus 1.1%, P = 1.000) did not differ. There were no postoperative deaths within 30 days after surgery in either group.
The mean and median follow-up times were 91 and 92 months (range, 25-159 months), respectively, for all patients; 69 and 63 months (range, 25-150 months), respectively, for the LRH group; and 113 and 127 months (range, 26-159 months), respectively, for the ORH group (LRH versus ORH group, P < 0.001). About 53% of survivors in the LRH group and 85.3% of survivors in the ORH group were followed up for >60 months (P < 0.001). At the time of analysis, 16 patients in the LRH group and 15 in the ORH group had recurrent disease (P = 1.000), and 12 and 11, respectively, had died of disease (P = 1.000). One patient in the ORH group died of intercurrent disease (Figure 1) . The mean and median times to recurrence were 26 and 24 months (range, 6-54 months), respectively, in the LRH group and 38 and 29 months (range, 5-115 months), respectively, in the ORH group (LRH versus ORH group, P = 0.157). In the LRH group, the anatomical location of the first recurrence included the vaginal stump in two patients, the pelvic cavity in five, regional lymph nodes in five, and distant organs in four. In the ORH group, the anatomical location of the first recurrence included the vaginal stump in one patient, the pelvic cavity in five, the abdominal cavity in one, a regional lymph node in one, and distant organs in seven. When we divided the anatomic location of the recurrent tumor into two categories (pelvis versus outside the pelvis), we found that 56.3% of recurrences in the LRH group and 60% in the ORH group were outside the pelvis (P = 0.833). 
Survival outcomes did not differ between the two groups. The LRH and ORH groups had 5-year recurrence-free survival rates of 92.8% and 94.4%, respectively (P = 0.499), 5-year overall survival rates of 95.2% and 96.4%, respectively (P = 0.451), and 5-year disease-specific survival rates of 95.2% and 96.4%, respectively (P = 0.387) (Figure 2) .
Patients with tumors £2 cm in diameter who underwent LRH and ORH had similar 5-year recurrence-free survival (94.2% versus 97.4%, P = 0.166) and disease-specific survival (97.8% versus 99.3%. P = 0.211) rates (Figure 3) . Patients with tumors >2 cm in diameter who were treated with LRH and ORH also had similar 5-year recurrence-free survival (90.6% versus 88.5%, P = 0.682) and disease-specific survival (89.6% versus 90.7%, P = 0.980) rates (Figure 3) .
We further analyzed the between-group differences in recurrence-free survival and disease-specific survival in subgroups divided by mean age (age £ 46 years and age > 46 years), histological type of tumor (squamous cell carcinoma and adenocarcinoma or adenosquamous carcinoma group), and risk for recurrence (low-, intermediate-, and high-risk groups). There were no significant differences between LRH and ORH in recurrence-free survival and disease-specific survival in any of these subgroups (Figures 4 and 5) .
discussion
We have shown here that, in patients with FIGO stage IA2 to IIA cervical cancer and similar risk factors for recurrence, LRH resulted in comparable recurrence-free survival and disease-specific survival, as in ORH. The two methods yielded similar recurrence-free survival and disease-specific survival rates even in patients with tumors >2 cm. LRH had significant short-term advantages over ORH, including lower estimated blood loss, reduced requirement for transfusions, shorter postoperative hospital stay, and fewer postoperative complications. These findings indicate that LRH is not only an oncologically safe alternative to ORH but is a preferred method of surgical management, as determined by shortterm outcomes, in patients with FIGO stage IA2 to IIA cervical cancer.
ORH is the standard surgical treatment of patients with FIGO stage IA2 to IIA cervical cancer. The laparoscopic counterpart of ORH is LRH, in which the entire ureter dissection and parametrial excision are carried out laparoscopically [12, 13, 16] . Since the first description of LRH in the 1990s [12, 13] , several retrospective studies have compared the outcomes of LRH and ORH in patients with early cervical cancer [14] [15] [16] [17] [18] [19] [20] . However, most of these studies were limited in their ability to analyze oncological outcomes because they only included patients with small tumors (usually <2 cm), the follow-up time was short, the number of patients was small, and each group was heterogeneous with respect to postoperative risk factors for recurrence. Especially, little had been known about the oncological safety of LRH in patients with large tumors (usually >2 cm). Using our large prospectively gathered database, we matched patients with intermediate and high risk factors for recurrence who underwent LRH and ORH. Our study included more patients, overall and with large tumors, and had a longer follow-up time than any previous study. We found that recurrence-free survival, disease-specific survival, and pattern of recurrence were similar in the LRH and ORH groups, even in patients with tumors >2 cm, indicating that LRH is an oncologically safe alternative to ORH in patients with FIGO stage IA2 to IIA cervical cancer.
Although the median follow-up time was significantly longer for our ORH (127 months) than for our LRH group (63 Annals of Oncology original articles months), the follow-up time in the latter was sufficient to assess patient survival outcomes. Indeed, we found that the mean time to recurrence in our ORH and LRH groups were 29 and 24 months, respectively, and all of our patients were followed up for longer than 24 months.
Consistent with previous reports [14] [15] [16] [17] [18] [19] [20] , we found that patients who underwent LRH had significantly lower estimated blood loss, lower transfusion requirement, faster recovery of bowel function, and shorter postoperative hospital stay than those who underwent ORH. However, the length of postoperative hospital stay in our LRH group was longer than that in Western countries. Usually, however, the length of hospital stay after laparoscopic surgery is longer in Korea than in Western countries, because of different insurance policies. We recommend discharge if the patients eat, void, and defecate well and document no specific symptoms associated with postoperative complications, which require inpatientbased treatment. If a patient has a voiding difficulty, we educate the patient regarding clean intermittent selfcatheterization and recommend discharge. We believe that our discharge criteria do not differ from those used in Western countries. However, because the charge for hospital admission is very low in Korea and Korean cancer patients have comprehensive insurance coverage, most of our patients who undergo surgery prefer to remain in the hospital postoperatively for a considerable period of time, despite our usual medical advice regarding earlier discharge. In short, the relatively long postoperative hospital stay of the patients in our study is common in the Korean medical environment and was not specific to our hospital or our series. Nevertheless, the length of the hospital stay for our patients undergoing laparoscopy was significantly shorter than for patients undergoing laparotomy. Nevertheless, the length of hospital stay was significantly shorter in our LRH than in our ORH group. Moreover, although the estimated blood loss and perioperative hemoglobin changes we observed were not high compared with previous studies, the transfusion rate was relatively high because the anesthesiologists made a decision on transfusion arbitrarily without any objective criteria [14] [15] [16] [17] [18] [19] [20] . Other studies, however, reporting outcomes after radical hysterectomy reported transfusion rates as high as 49%-81% [21] [22] [23] .
Although LRH has been associated with increased operating time compared with ORH [14] [15] [16] [17] [18] [19] [20] , we found that they were similar. This may have been due to our greater experience with LRH, in that we have carried out over 400 of these procedures. Accumulated experience has been associated with shorter operating times in other studies [18, 24] . Because most previous studies comparing outcomes of LRH and ORH have included small numbers of patients, most of those surgeons may be at the early phase of the learning curve. In addition, cutting the vagina and repairing the vaginal stump via a transvaginal rather than a laparoscopic route may have shortened the operating time.
Consistent with previous reports [14] [15] [16] [17] [18] [19] [20] , we found that the rates of intraoperative complications were similarly low in the two groups. The most frequent intraoperative complications in the LRH group included injuries to the bladder, ureter, rectum, and great vessels, with the latter frequently requiring conversion to laparotomy for repair of injured vessels ( Figure 1) . In most patients with injuries to the bladder, rectum, and ureter, even with perforation of the hollow viscus, repairs were successfully carried out via a laparoscopic or transvaginal route. The rates of postoperative complications were significantly lower in the LRH than in the ORH group. This was especially true for infectious complications, wound complications, and ileus, all of which have been attributed by laparotomy itself. The rate of bladder dysfunction was similar in the two groups. Taken together, our results indicate that due to its superior immediate surgical outcomes, LRH is the preferred surgical management for patients with FIGO stage IA2 to IIA cervical cancer.
In conclusion, we found that long-term survival outcomes after LRH were comparable to those after ORH in patients with FIGO stage IA2 to IIA cervical cancer and similar risk factors for recurrence, regardless of tumor size. Compared with ORH, LRH resulted in favorable surgical outcomes, including reduced blood loss, shorter length of hospital stay, and lower rates of perioperative complications. These findings indicate that LRH is not only an oncologically safe alternative to ORH, but preferred for surgical management, as shown by superior short-term outcomes, in patients with FIGO stage IA2 to IIA cervical cancer.
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